Genomic survey of early responses to viruses in Atlantic salmon, Salmo salar L.
Viral diseases are one of the main problems and risk factors in aquaculture. At present diseases are diagnosed by detection of pathogens and clinical symptoms. Identification of genes involved in early responses to viruses is important for better knowledge of antiviral defence and development of diagnostic tools. The aim of this study was to search for gene markers common for viral infections in Atlantic salmon based on microarray analyses of a wide range of samples. Gene expression profiles from fish and cell cultures infected with different viruses and treated with the synthetic double-stranded RNA poly(I:C) were compared in order to identify virus responsive genes (VRG). The list of VRG defined in this study contained 117 genes with known or unidentified functions. Several genes, including the most highly ranked one (receptor transporting protein), had not been previously reported to be involved in antiviral defence. VRG were characterized by a rapid induction and low tissue specificity, and their expression levels were related to the viral load. Immunofluorescence analyses of proteins encoded by VRG in cardiac tissue of salmon with the viral disease cardiomyopathy syndrome (CMS) revealed a common expression pattern. In head kidney leukocytes VRG showed comparable or equal responses to CpG and poly(I:C), which mimic respectively bacterial DNA and viral RNA. Most VRG showed highly correlated expression with interferon-a (IFNa). Sequence comparison of salmon VRG with those from other species gave an understanding of the evolution of these genes, which showed a remarkably rapid sequence divergence in comparison with the entire proteome. VRG emerged both before and after separation of teleosts and tetrapods, and among genes found exclusively in fish species there were members of several multigene families: tripartite motif proteins, gig1- and gig2-like proteins. Several VRG, including genes with unknown functions and orthologs to mammalian RNA helicase RIG-I and chemokine C-X-C type 10, were present in cyprinid and salmonid fish but not in the phylogenetically advanced orders, suggesting that they have been lost in the evolution of Teleostei. Apparently, a number of genes involved in antiviral responses in salmon have acquired different functional roles in higher vertebrates.